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(57)Abstract 

PROBLEM TO BE SOLVED: To solve the problems associated with 
a conventional power semiconductor device circuit in which a coil 
for detection or a resistor for detection is used to detect currents, 
gentle variation of direct currents cannot be detected, and large 
power is lost at the detection element, and further the detection 
speed is low. 

SOLUTION: A device, using an illuminant wide-gap semiconductor 
material, is used for a power semiconductor device in a power 
semiconductor device circuit, and detection of energizing current is 
accomplished by detecting the light emitted from the power 
semiconductor device itself which uses a photoreceptor device. The 
detection signals from the photoreceptor device are applied to a 
gate drive circuit for the power semiconductor device to control 
currents in the power semiconductor device. 




LEGAL STATUS 

[Date of request for examination] 08.05.2002 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application converted 
registration] 

[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner's decision of 
rejection] 

[Date of extinction of right] 

Copyright (C); 1 998,2003 Japan Patent Office 



http;//www19.ipdl.ncipi.gojp/PA1/result/detail/main/wAAAVVai4JDA414325427P1.... 05/03/28 



02) 



4St i|# ^ 



(A) {umnam&m^^ 

ij^^2002-325427 
(P2002 -325427A) 
(43)^raH JV«14^n^ 8 3(2002.11.8) 



H0 2M 1/00 
HOIL 29/74 
29/744 
29/78 



6 5 2^ 
655 



F I 

H0 2M 1/QO 
HOIL 29/75 



^/74 



H 

6 5 2T 
65 SZ 
657G 
C 



5F00 5 
SH740 



C21>tiiK»& 



49612001 - 128218( P2001 - 128218) 
Jpri6l3¥4 Ji25 B CZOOl. 4, 25) 



{n)mmA oooi56938 



<74)ftSA 100062926 

F^— A(^) 5F005 AA03 AEOl AED9 AP02 FA03 
5H740 AAOa BAOl BAH BBOl MUll 



(57) mm 



=4 



-1- 




'\l>'$^-^'^fLl&mr&m\z^^cxi^^\:r^mstx^^'T 
y^-i^\zf^j&:^nxi^^zt^t^mtr<im:mi. 




(2) 2002-325427 

2 

20 zf^^i^^n<o^i\:^ 'JOA\z^0J^sSi^txxi^^ct 

S:#^«i:irofW*:^l, 2 Xti 3^6;[3c(3!)/t»7-i|i^{i^5?§ 

iWtli^^<OiyVZl>^'^'-\Z^^m£'^iZ>^'-^'^i'r^ 
m^mi 4^iKO/tr7-i^«f*5^^lHl&. 

30 m^mi7) m.mia&<r>jEikz^iko)wm^zi&m^ 
nft^^co. 2'DO'-^'^mmm=f-i!finmm^^riitj& 

mf2'm9mwtW(omiScf^\zmi^'^titc^i^. 

ti^mm^t^^iZ'rr^'x'n&L^mzm^^ixft y^^^^- 

^mz^s\::.xitit'f^mm%^wi'^''^mmm^=^. 

CO 0 0 1 ] 

^^I'Xmn^m^mmT^/^U'-^^^m^f'i^^Rx/ 
50 cti^/B Vifc-f >A'— i^^sg^iafcM-r-s. 




[0 0 0 2] 

(a) Rjj (b) com^^^^mi^x^mf^. mB<o 

£c?)iSo^i^5 01:1, fMP^TFi:UT(35 I GBT (Insul 
ated gate bipolar transistor) 5 l^MTfi?55 275^ 
S?lBESnTl/^«>. I GBT5 1 tigtSJS Oi:03pg(![)igi§ 

^ 5 s ji^jEv 1 iz^-^si^x I G B T 5 1 ^mmTz>, 
^Kiiznm s 2 TSi^^ar5!)i5gitT^> (hms^ s 9 ^mti 

BT5 lOV-bmBL^mmLXlGBTS li:ty\Z 

I G B T 5 1 RtKfi^ 5 2 <0&m^m±'t^. 
[0 0 0 $] m9<0 (b) «^2<7)ea:5fc^JCD{sIfi§0^5^ 
f. ElfrisUT. mSSTBasSOtC, IBOPs^^ii: UTCD I 
G B T 5 1 TkZSim 5 4 $:^UTft1^ 5 2 ;{/^^S5:^nT 

S^SStcA^J^n. SaH2SBl(3!)«6**iJ<i:IBr«ltCI GBT 
[0 0 04] 

^r-:r;l/) omigttSs^S 5mm-e*S. KfclSOOA 
SOigglA? Omm75^$ 1 0 0 mmSSO^kiSfo^tj^t- 
MS<. I GBT5 a CTj^gijOWPfeCCD^jSna, ;i 

Zl-( )\^S 3(D^tiitbijcO\^^JUt^Msi>X^i^K 9^^X^ 
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[0 0 0 5) m2<ovt':^m<ot&ms ^^^i^fttfkiiiisim 

X\t. ifimtSejS£<^>^ifc/itS"^^^;i4S^T^ia®ffi8iiO^ 

6!/il^c^«^5iS 4T;^^;:3:z6:^Jfl^;!)t5gi|rt^aT-o« 

P#<OSSS2^7&^ 5 0 0 A<DA*»7— il^i^Ji-^^jg-T^ 
[2l»T> 0. 0 0 2:^— ■A<^g*iS:ffllifciS'g-5 0 OW 

^Uias®gss;5n 0 0 0A[zmi^r^t. WLt!m^\t2 

^<n>Xh l^^i7a& t^tSit^&<. IGBT5 1©$(I 

m\z:z<D»a:>mti^^±c^. «oT. mfi&^mm±v 

tct^±m^,i:tr^MS,iFi 5 4 <0^m^ I G B T 5 1 

20 .^"^^ihrnzi-i jU'^mtiim&tii^m^^'Tiz^ih'r^. ri^ 

[0 0 0 7) 

m\xm^^ti. mmmmzft^cx^^t'r^mm^% 

^^mtia^mmmmT'O^y- h \zmin i.xmd^mi4^ 

*o ^fim^z^tiit. ^^^i4^mm^'fo:>7&^mm^zR:^c 
xmt%'^mm^yc:^^'yt^^x^,tiii.. ^^^=roi^m 
mmz^^i^^xH^j^^mm^^i'^mm'f^cox's mmm 
Sftogfft t '^^{^mm^^<omn ^ x<omfisx^^ mm 
op^i^mtim^^ ^rz'yL^m\*^x^itir^<Dx^^/ 

40 ^mt^^ti^ti^mt^^mz^^fibnx^i^^m 
mf&^n. m^mmmz^^i^xmt^^nmi^^r^. 

{^^^zmcftmi^'^'^i^i^^^^y?^i4^mmm^ h^z 
muLxm^^^^iii^mms^^(Dm^t8,lM'S:mm^^y— 

[0 0 0 9) *%0/lcD{tfiOliA(^)A7-i{ia§f4^^^[HlllS 

so ti. ^r^^t^^t^f&igcr^^mizmf^nxmrdmm 
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[0 0 11] 

^m<omm^&.T\zt5tmT^. y^^^-^^^^^i^imz 

(S i C) . :^^J*yhs±'^ K^-r H (GaN) . 

i^^^y-f^mi^umts ->«j3> (Si) c!) 

«tfi:L-^r<. t^tLy)-pMWi&\zts,^^xtm^mm'^ 
m^'\^mr-^mi^m^\zm\^x\^^^. 

(0 0 12] F:?^-:/:;'Jh-«*#mc:feUiT. 1^51^ 




M) iK?M2 0 0 2-3 2 5 42 7 

c 

-y^^wmm^=T-'kmn^'^m^zmt\tm'r^o 

[0 0 13] 2^-3S^<!:UT«. S i i^^W'^9m=f'. 
(r>n^7Ty—y^^:^{^UMWilr<Dnytr—i^mzW''f^. 

20 :z<^wmz^^')^/^'i'^^—y:3^m^^m^M^i'^v^^^ 'jt 
3K^fi9Siit'® ^ AW y'^mwunw^=jr(K>mmmz 

um^-(-^%-)m^. m'^^;f't^=§'\zmtzn^^mt*A 
so ^. Viz^&'>tm=F\zm-x^nrcmm9ciiz^t§^^n^yt 
t&^mj}^(7>mx^i^n^^mi^m[iz^tD:^^<^^ft 

^i)^. 0. 0 0 5-2%egST*^. {^jxt^O. 19^1:: 

T^t/'^-f^-^^mi^^m^'^izmn^'mm^s o o 
2b^. mi^^9cua\zj:vnmti^MK\,^,i o o oA^zm 

Sy!fiife^{ct^ffli7j?2 O'-a 0 vaTcDtB:fiE^f=f]jjof '2><?? 
S?t5g7-T?|gdl£l-^^>'j}fi5«5W 2 0-30 WU&iX 

40 [0 0 14} ^^^^(D^e'^mw^'^Ti^-^^^mwm 
m'f'^Mn^^mizitmvxmm't^oox. 

-'^K^mii^n>{it^-y^'^wmm^^(T>'^^mz^^^ 

i" ^ a f C 0 # ^ . 7^ :7 7 -f / N'— CO LtS ^Sit fiS i/t 
50 -f 3n-74^S«^*m5K^<tS^t3^^BOO^ffei^ 
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CO 0 1 5] ^T, 'M^'&m^w^'mm\z'o\.^'7:^\ 
e> (s 8 ^ ^fis u THa^g-r ^» . 

i*ffiifflijg^T& . G T o 1 ^rfifin-smajctai^jttsij'r 
*;?5i^iTf^T^^?lil^::3iHnr^. gto i (fyf's-jr-vn 

mH-^iX. 7 /- h* 2 Ali:|iiJ^fi)(Wl5JK 7 (OXti'^ 1 0 
lC|g»l!^fnTt>^. GT0 1oy-hl6tC:$'->:t> 

\zmf^'^tlt:.r&t^3 At h'7>i^7.9 SBti&mz OS 

5 A, ig«!®aH5AOfilSi!:GTO lO^-h^cofigt 

T 5 C<Dy-Xi:^®GRgtC}iD >5^>1)' SDtmtSc^ 
nr^/i^o FET5C<7>y— h6t3GTOl*^:7|--r 

1 ofris^ieig^2c^ry-H2 A*::jgiSisnTi.ic), a 
[0 0 16] i»:{35<ssfeiffi{fy60/i9-i^ij$^iSTisiiffi©2ft 

*fi2 0 OAOS I C-GTO-y--f UX^^T^D. 

^^2i3:x'Ja>;i^N>r-rpf-K$;?3u^T^>^. gto 
m?L\^i OCA) ti^^ui zt^^^^i 4tifiitn^o 

:t><^JI<0GTOi:g::*-:7lrf -Sii^tt, ^— >:!f-'7f5I 
^ 5 (OX'hm=lr 6 triEc^>"?;i/X(t4^-^?lT F E T 5 C 
S:t>icr^>^ cmccfc»3 GTO KJ^iT'-h 1 6;6^6iS: 

j^KtSin 5 A t ^ST&t/^-f / 1 z $ nx. G T O 1 (Om.^'^ 




(5) fl^Bfi 2002-3 2 5427 

2 C;^*^/^/^]!®©^^ 7 (DKtJt^^ 1 0 1 2 5:1^ 

StSJ^^^cJ^S^^t^ifeUJt^^f^, GTO 1 IZlEl^l^^ 

a*. a«5&^2©>t«a!d«jai)DUTn>Au-^soD 

-5<i;3>/tU-^8<oa3*)0J/WU^;Ui:rj:l:), 

tc-r^. 5 0 AeiS<^«gtt35tgitn/tJ!S'&zi>/^ 

U-^ 8 ©A*5S3^ 1 0 t^mmti^X,:^!^^ 1 1 

flE^±isj5<i:-5{;:s:i^-r$i. I 5 0 A^m?i^mm^ 

mtl<itGTOlVl:^ytUOs S^'l 3ift*S 1 4flD 
H^SWr*. =.n»Ccfci3&5»l 4**5!cmL;'^0. 

CO 0 1 7] ;i*5GT0 1<^>;^JV— H 1 3 Ach^y — h* 
1 4 AWt::a50©:::^:^/Xf5ia&^3g^r'5»<D35»S?^ Ul>, 

^2SrX-:5<D/'«y^r-S^fC«(fi^U>^ciBtrBJE6 kV. 26ffi£ 

^32 0 0 ao^^gtojs^i 0 ocD^m^x-^^. m 
\zio\,^x. ry-Hmffii 4Atcfigia^nTUo^jg'^ 

-XZ(O't*Am\Z0TOl7!fi^&^nXU^. GTOi 

CDSi^tzt^. GTO 1 $i6gft:&^»fcn^i:€-:J'C^^j{i3-^ir^ 

/iSte<^)^=i-^:/-r4)&ff|Ssik4aTV^^». ^^yy4<D^m 

\z\tm^^2D^ft^i.T:^shy'i^'-\^2t^. ^s.ytm2 

B^GTO 1 <3:>$^|*I}^S{ 1 9\zmif-^xvkomf^tix\f^ 
so ^J^^—X3\t2r:><0^1 7 y 1 8 ^^rUTl'^'Oo 

^1 7:6^^,;^7V-K^*S1 3A>6^^£B^n. dFLl 

mOs 1 1 L/TVic>. ?L1 0 3&^€>:^-X-5?5^2cD7 
B^^i^ttl^nxu^S* 911 0, 11. 17. IS^^liT 

nt>eE*ic:>S?^$^jh?^-e§it?(3»ih$nTi<i^. ->cGt 

O535->10 0, ^-V^VRSaS. ^->:^7fHl2S5X 

4(3 [0 0 18] ytGTOsi^^l 0 0 (D/'^y^—i^P^lZ:^^^ 
X. GTO 10;^y— K2 Oi-i, * V- HiHa 1 3 AlC 
2 2|cco9?|§ll 4B, 1 4 CXg?S!j$nTt/>Oo GTOI 

co^/^— h 1 6 A\tm^i 5 xy- 1 6 izm^^ti 
TVi^. <»^i4B. 14C, 1 5 (omtmmoiizr^^c 
xmrnm^f^^iK s:')^^=^2<07y-\^7A\t^^6 
xTy-)^nm2Aiztm^n. pv-}^9A\m^^2 

8X*y- K1S^9 BldfiS^Jei^^nTi'iSo GT0 1<i:S 
^*^2«tS5lW>C/5fe&^nTV^^o GTOl(0y£jtefit 

rsi 1 9 i:S^t^^2 <©s^sK 2 B t(Dr^(omm\tm I c 

50 mX&^. ^'yt^^2 0i^Vzi>7ish^^:!i—\^\t. 1 




5. 7'/-K^Sgl4A. tf'-h't&mi 6 RZSti 'J- \^ 

1 0 0CO:fc^$tt/h$Vi. CCD^GTOIOO^, W& 
iE6 k VtB5ft^S2 0 0 AOS i C-GTOt^i' UX^ 
ilt!Rr«»t. JtGTO l 0 OTttSg*«^l 0 0^^ 
Ai^iOb. t>M©iQUfc. 1212 ir5^-r.k 

sia< ^-Dx^nsmzm'^mm.ii^z o o a;i^ 

e>Pra«JJCl 0 0 OAtCi§j!lDbfei:$T%. Si^3^^2 

3immcs?5*2 0 oA^m^tct^GToiffijty^pi^ 

jS^?5i5g^UTigdE}&^*y4 0 %tejBDL/T*«J2 8 0 AlC* 
^fe(^;i^Tfl^i3PAt«%GTO Zi<D^ 

i\mmj-\z^i^x&sT\z-^m\z^m^^. ^g^co g t o 

'Sr±>^-ti:^&'t^^5{zm&vr\^^^. nfs&^±> 
Ats^<Dfg^^}^-':fr^ztiz^O'i^^ti^. CO 
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^^ftrS,^f>mf&'^r^zt\z^K}^{:ti^^'j£rr^. 
^'IgCO^i^^-l: >:^-$:^^j5fe-r2^ i:SiW>t05^$ J^:^^ 

0 1 0 a t om/'cm' C!>f[5fflllT^O;6^SLt/io $ 

^. W^^SSsK^l X 1 0» 1 a t om/cmsg^^ 

CO 0 2 1] i*:^ffiWlC^liTl/i651!^-'ilfe<3Dr7-r K^^^ 

S3(iGTOlco^lfEdT£!^«9> El4tt. 03 
O-tSUO I V- I V©fDSElT*o, (3 2 00X01^3:, 
laSO I I - I I SffEElS^UTli^* 
Co 0 2 2] (g3 25it;f|a4»C:;J3^^T. GTO UJ, 134 

<D\!f(mmiz^'-r^v^Zs :bv—\^^mzi\zm^^^iQ 

30 0 um<Dv&^S 2^m^V^ ^<D±{zm:^m7 0 urn 

5. i>M^^4<omiz^^^xmt&mzif-bm^i6A 

^BfiScT^^. pMf^^ 4.<r>m^z^i^x^:}iMizmc^i!^3 2 

MmCDnig/as SSil^/mU nlfiS 3 5 tZT y — Htgffi 

2 0^^;$t"^, pmm3^{z\t. r;u^-'?AiH^j& 

3- 5 X 1 0 ' ' a t omycm^ RU^^iJ^'f'^ 8 x 
1 0 i a t om/cm^ OtSJST :?^UTl/ic>. C 

(mW) -P2l?f3. ifc5t-;tOift&«jS:-«J4 7 0:h/:?c-37 
(nm) Xih-otz. !2 2a:lXia3JCjKTct^ir, GTO 

;fev-H^tig2 OT3l5jf:)(»!^^T43 0» t^n^mzn\^ 
(rLTi/^o. fz^s pM^z^o-ymt^r^izm^jrm't 
JO u^^j^o\zLtzm'^h^mLrcfts:t>^s.^{s.m't^± . 
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(0 0 2 3] «js 2 ^mm)} m s ^%m(^w.2^m 

mmt&iS^l SCt^I GBTl 0 l^jS^T^T^l 47!>^* 
t*^55$nTl.i^« GBTl 0 IfS. 5g^i47i' 

9>i^?s^ (IGBT) 2 Its ^^^^2 2tl.X(D 

B T 2 1 <^)^En 2 1 A"l?^'rtt9t?e;ii«Si*3!5^2 2 <?)S 

S 1 C- I GBT2 loy— hJC^i. SIC-IG 
BT2 l<^)jaie4:$!li^II-r^)^!8!iEsISS2 3<Ol^it^M2 3 A 

3b^S?«S$nT(ri^. l^fflfHltea 3C!)X:^i«2 4*ct3:. s 

1 c - 1 GBT2 1 ^^mco'Simib^ibmm'r^umf^^ 
i^^Ts^'jo^n^, ^9t^^2 2 07 /- \'\tn'^mmm^ 

2 3 <DKyjm2 3 B\zt&m-snxi^^^ %I GBTI 0 

CO 0 2 4] fi^l 4^)S5a5?tC<fcr) S i C- I GBT 

2 l$:Sftn^ma£;!)*JS^JDrai:. gi)\^3S^2 2^§gn$ 

iDii^i oom^tmM'T^. X'jmi ocDnsEEJot^^^p^ 

Ai^y^-iU^fVttl^. ^COa*^«RSttIsI]2S2 3tt, di^ 
3fflf2 3 AOU^jUSffiT^-frTS i C- I GBT2 IS 

^vn:i>m.m^m.^'t^i>\zmmr^. ^miA^mn^ 

i C- I GBT2 l$d«n5«8S$i«3!lD$-&-5»o zn\Z 

*26Slf!6*i«nfci:€fti:. S i C - r GBT2 
:;'v«fc^^6'r;:^^s i c- i gbt2 i ^i!ry\z\^x'^^ 

\Z^^^^^m±T^. -'^^^mm<D^ iC-IGBT2 

\^mZ7)V^.-^J^^.=i'^l. 6X1 017a torn/ 
cm», S^JgCrF^ex X 0* ^ a t om/cm3|©8S 
ffiTK-y^UTiiS. c:n»r<J:0. fiai^fr^lOOA/c 

m2 (^^gf£^^-C=jg7g|^;^i;$^ :t>^g£f^4. 6Vi: 

[0 0 2 5] IGBT2li:L- 
T» ffim£E6 kV, zSaft^^Sl 0 0A6DS i C-p^^Y 



(7) 4^S82 0 0 2-3 2 5 4 2 7 
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:^;HGBT$ffll.^ S>t5e^-2 2<i:bT'>';zi>7}t^ 

3<oA*ftaT^2 4tci»ga<t^*A*r^. cnjc<t?3i 

GBT 2 1 <7)y-M;r£l®iE75te|7Jn$tl. IGBT2 1 
\t:^>\ZU^. I GBT2 1 SSffi 

<^ISa^^^^tJD-r-6. cntCckt? r GBT2 1 $;*-7 

«r3S«c0flJT«> fil^fl 4HSJ&^SS[*?5g4L.Tffii?ii;6t 

10 m^\'S,zooA\z^xm^hitt\^xh. ^jm'^22 
^m.tv^iis^mt.'^ omASSTi&^. mmMi o scd 

tSBE;6* I 0 V itntf. 2 2 0 . 

9WmSi:^K«>Td>?"i<, I GBT2 1 i|pll;/1y^r— 
£0 0 2 63 fi^r^ffl 4tc43ttSSI&^iai^iCcfc*9tan?S;5* 

Tc5Dt6i±iiS«ii$Pig«o. 1 v-ri7D|^?iitT"C^-£). s^t 

S$^2 2(^)t3^tti;&^e)W/a^WSfJI518B7RrKM5ftf5I2^2 3(D 
31/jf^tCJ:f5 I GBT 2 ld^:t7H/j:-5>^Ti^Il5^n^lfaife9l 

20 -^^i^'o^x^yym^x'im^SiX^^^ ^^^^\%. ig 

BT2 l<Diim«a^*n 0 0 AS:ffl;^fe<!:^ I GBT2 
l7J»t;?|-7i:/j:^J:^tc. 4^l5tf^(Iffli[HlE!5 7 t^gifU^j^ 9 (3D 

^15 ^ K\zn.-:^tL^^f^.xmmtm^ i g b t 2 ut:t 
ytr^z^ft. z.o^mMm^^^^^m.1^^'kmizim^ 

so a{b> ]5?si • (&m^iMmmxt^. 

LOQ 2 7} ms^mm)) me\tw,3^zmm(D9 k v 

Xs GT0 4 lC?>Z>/'-K®a4 9Ali, fe?$14^*ij 

f^mmmmA so^-^'^a^xMs^^izm^^n. ;^v-k 

3tGT0 4 1 ^mxn'fifl 4:&*m.^$nTVi$. 
ajs:^iSI^JtZffll<i'5)GT0 4 ^m.^^ 

^)7s^ (GTO) OTOAWt^lO^mmz 
4Q mT<^z)lZ. nSiS^^^flUnSicO'^-zMl^lcy— h 

El7ir^^^T, >T"©i;i^y-F^ifijs4 9 B^^-To/?$ 

^5^32 5 0 p^mCDnmS 1 CS^gS 6 Ote^^OWlC, 
«J«j9 5 AmOpS^/as 7 J£^B5^LTt^Oo p5S!/S3 7f^) 
±»CR?«^6'42>^— ^Y4't"^i5?^f$^3 /imcOnS!/IS3 8 
&^/7£bT(.i5o n^/^3 8CDc|3*SfetC/P$$52 AimO 
p^flS^^^L. •ecO±tC7/— KrS(2K4 9 A^a&ttT 
t^^. n?-WS3SCD»SgP(ry-hmS4 9Ci&dftfrtT 

W to 0 2 8] dCDS S C-GTOJ3L, ^-zmmx^^ 




IS 

nmiSS S\Z7)\^^±0Am=F^Sx 1 0 1 8 a t om 
8 X 1 0 1 7 a t omXc 
mS<3:>iBS"eH~y^UTVi«). 1 0 0A/cm2cofl55SE 

^mif^-Vlt. GT0 4 1 cr)5g^Sp{Cj)t:7r<A4 3(0— 

m^4 2 JCXftfT-S. G T O 4 1 igj>V:jil^ 4 2 ^DrflTj^ 

«7 r ^ A- 4 3 cfc -5 rmsiw JcK«8$ nr i» o (D-tf . 

T-*-:)T=b. S^j^7-4 2ZiD:i|J*JSf|jiOTIsrJS4 81^95^5 

>\z'r^tm'is ^->^^>lHJ^4 4c!>AA«T-4 src 

IE<7)A;!/Xmja:^R33[inL. GT04 1 ^^:7l--ro<i:^ 
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